Experimental work on the maintenance and the restoration of spermatogenesis after hypophysectomy by -the administration of androgens has been limited to the smaller laboratory animals (rats, mice, guinea-pigs, rabbits, ground-squirrels, and pigeons). Rats have been the animals most commonly used. In them the period of time during which spermatogenesis has been maintained following hypophysectomy has been extended from 20 days, as first reported by Walsh, Cuyler, and McCullagh,9 to 178 days (Nelson6). It has been shown (Nelson7) that sperm formation can be re-initiated in hypophysectomized rats by androgen administration after a postoperative lapse of 20 days. Dvoskin3 has shown that the relatively large daily dosages which have been required to maintain spermatogenesis after hypophysectomy are due to the method of administration. He found that an amount of hormone too small to be effective if injected intramuscularly would maintain spermatogenesis if implanted as a pellet directly into a testis. By reducing the amount absorbed, spermatogenesis was maintained in the testis into which the pellet was implanted, whereas the contralateral one underwent involution. He also secured evidence that within a testis the seminiferous tubules in the neighborhood of the pellet were better maintained than were those more remote from the pellet.
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A number of years ago the writer began experiments in adult male rhesus monkeys to determine: (1) if androgen administration would maintain spermatogenesis after hypophysectomy, and (2) if androgen administration would restore spermatogenesis after the testes had undergone involution following ablation of the hypophysis. It seemed of interest to secure information on these questions, for, as has been pointed out (Smith8), the involution of the testes of monkeys after hypophysectomy results in a structural condition which is quite different from that of rats but which is similar to or identical with that in man. In monkeys the cellular constituents of the involuted seminiferous tubules are almost entirely limited to Sertoli cells and basally located spermatogonia. In rats, on the contrary, only the later stages of the developing sperm cells are absent. The spermatogonia continue to divide and to form spermatocytes. Maintenance of spermatogenesis in monkeys after hypophysectomy involves the formation of spermatocytes as well as maturation, whereas in rats it involves the development and maturation of the later stages of the sperm-forming cells, although the rate of cell division probably is enhanced also.
Matrial
Eleven mature male monkeys have been hypophysectomized and treated with androgen.* They ranged in weight from 6.1 kg. to 11.8 kg., six of them exceeding 9 kg. The testes of all were in a state of active spermatogenesis and contained numerous sperm at the time of hypophysectomy, as revealed by smears and sections of specimens taken at biopsy. The completeness of the ablation of the hypophysis was verified in all animals by a study of serial sections of the hypophyseal capsules and surrounding, soft tissues. Observations on the involution of the testes and endocrine glands, especially the thyroid and adrenal glands, provided added evidence of the completeness of the hypophysectomy.
In slowly than do those of rats. After a postoperative period of 10 days, changes are so slight as to be not readily distinguishable. At 20 days, however, there is a definite decrease in the size of the seminiferous tubules which is reflected in a decrease in the size of the testes. Spermatocytes I nd II, spermatids, and sperm are still present but are decidedly decreased in number. At 30 days most of the tubules contain only spermatogonia and Sertoli cells (Fig. 4) . All tubules are small and their lumina are either greatly reduced in size or, in some tubules, are absent (Fig. 4) . At 55 days (2 animals) the involution is complete.
Effects of androgen on maintenance of spermiatogenesis (imrnediate treatments): In each of two monkeys daily intramuscular injections of 10 mg. of testosterone were given for 20 and 30 days, respectively, treatment being instituted at the time of hypophysectomy. No maintenance resulted from this low dosage.
In three other animals the daily injection of 20 mg. of androstenedione for 20, 20, and 25 days gave complete or nearly complete maintenance of the cellular constituents of the tubules. Another animal was given daily for 56 days 25 mg. of testosterone propionate (Fig. 2) . There was excellent maintenance of some of the seminiferous tubules. Other tubules,. however, were only slighdy maintained and some were intermediate in structure. This animal was autopsied 20 days after cessation of the injections, and all of the tubules had completely involuted (Fig. 3) . Restorative (Fig. 5) two pellets of testosterone propionate, having a total weight of 38.5 mg., were implanted into the equatorial zone of the testis illustrated in Figs. 6 and 7. The animal was autopsied 60 days later (19S days after hypophysectomy). In Fig. 6 , tubules characteristic of the equatorial zone are illustrated. In Fig. 7 , tubules characteristic of the superior and inferior poles of this testis are illustrated. X 354.
approxmately the first half of the period of treatment followed by a daily dosage of 25 mg., and in the other two animals 25 mg. a day were given throughout the entire period of treatment. The duration of the treatments was, respectively, 62, 89, 103, and 105 days. In all cases definite restorative effects on spermatogenesis were evident. Many of the seminiferous tubules contained all stages of spermatogenic cells and also sperm (Fig. 5) which became motile when placed in saline solution. In all cases a relatively small number of tubules had undergone little, if any, restoration. In no case were the testes or the seminiferous tubules of normal size (Fig. 5) .
Intratesticular implantation of pellets of androgen (postponed treatment): In one of the four animals the injections of androgen were continued for 105 days, at which time they were terminated and one testis and its epididymis were removed. Into the equatorial zone of the other testis, 2 pellets of testosterone propionate having a combined weight of 38.5 mg. were implanted. After a period of 60 days, the animal was autopsied. The seminiferous tubules of the zone into which the pellets had been implanted were in an excellent condition, although they were not of normal size. They contained all stages of sperm-forming cells and also many sperm (Fig. 6 ). On the other hand, the tubules located in each pole of the testis were completely involuted (Fig. 7) . There was thus a striking local restoration of the tuibules in the region of the pellets.
The amount of actual testosterone absorbed during the 60-day period that the pellets were implanted was 32.21 mg.* The average amount absorbed per day was thus only slightly over 0.5 mg.t Discussion In addition to the fact that rhesus monkeys are high in the animal scale, their use appears to have some advantages over most of the laboratory forms which have heretofore been employed, even though the number of experiments are limited because of the cost of the animals and the space required for their housing. The rate of regression of their testes after hypophysectomy is quite constant, and the structural alterations throughout each pair of testes are remarkably uniform. In this respect they contrast very strikingly with guinea-pigs. In the latter there is an especial lack of uniformity in the regressive processes, some tubules being completely atrophied within a month (Allanson, Hill, and McPhail'), whereas other tubules are still in active spermatogenesis after a post-hypophysectomy period of 86 days (Cutuly2). A great range of structural conditions thus obtains during regression in untreated hypophysectomized guinea-pigs as well as in those injected with testosterone. In rats, in contrast to rhesus monkeys, the early stages of spermatogenesis continue for long periods after the ablation of the hypophysis, so that maintenance of spermatogenesis, aside from an acceleration of the earlier stages, involves only the formation and maturation of the later stages of the germ cells, In ferrets, the limited experimental work which has been reported indicates that the tubules regress rather uniformly, and when maximally involuted, consist, as in monkeys, of Sertoli cells and a row of spermatogonia (Hill and Parkes4). The author is not aware of any work in which androgens have been injected into hypophysectomized ferrets. The regressive changes in the testes of rabbits (White10) and cats (McPhail') seem rather uniform, although occasional primary spermatocytes are reported for the duration of the observations, namely 67 days and 47 days, respectively. Regressive changes were very profound, however, most tubules containing only Sertoli cells and spermatogonia. The findings reported in this summarized report on the maintenance of spermatogenesis in hypophysectomized rhesus monkeys by the administration of androgen are harmonious with those reported earlier by several investigators who have worked on lower mammalian forms. As in other work, however, the administration of androgen, even in large doses, did not maintain the seminiferous tubules of the testes at a normal size even though the treatment caused the continuance of spermatogenesis. Some other factor appears to be necessary for the maintenance of the normal size of the testis and the seminiferous tubules.
There is much variability in the degree of maintenance of the tubules of a testis when androgen is administered intramuscularly. Poorly maintained tubules are frequently contiguous to highly active ones, as is illustrated in figure 2 . Whether or not they are segments of different tubules or an exaggeration of the waves of spermatogenesis that normally occur in each tubule is unknown.
This variability was not present in the one testis into which pellets of androgen were implanted.
The restoration (re-institution) of spermatogenesis after posthypophysectomy periods sufficendy long for all germ cells to have disappeared, save an occasionally basally located spermatogonium, appears to demonstrate that androgen is capable of stimulating mitosis and growth of all stages of the male germ cells. Sperm, which under proper conditions showed motility, were formed and passed in large numbers from the seminiferous tubules into the ductus epididymis. Whether they were capable of fertilizing ova was not ascertained, however, and it appears that only by a lucky chance could this be demonstrated. The possibility of securing a sufficient number of sperm for fertilization by maceration of the epididymis, and the introduction of them into the female tract at the proper time seems very remote.
The implantation of pellets of androgen directly into the testes induced better restoration of spermatogenesis than did systemic injection of the hormone. Spermatogenesis in all seminiferous tubules in the zone of the implantation was restored. On the other hand, those tubules at a distance, i.e., at each pole of the testis, were completely involuted. There was thus a pronounced localized influence. The amount of hormone absorbed from the pellets did not exceed one-fiftieth to one-hundredth of the amount injected systemically in other experiments. It appears that because of a local field of influence, the amount of androgen normally secreted in intact animals undoubtedly plays a significant, direct role in stimulating spermatogenesis.
Summary
Androgen was injected systemically (intramuscularly) into adult hypophysectomized rhesus monkeys, and the effect on spermatogenesis was observed. In some of the animals the treatments were begun at the time of hypophysectomy (immediate treatments); in others, treatments were instituted after the lapse of a postoperative period sufficiently long for the tubules to have completely involuted (postponed treatment). In one animal pellets of testosterone propionate were implanted into the equatorial zone of one testis following a series of postponed treatments.
In immediate treatments in which androgen (20 to 25 mg. per day) was injected for as long as 56 days, there was excellent maintenance of some of the seminiferous tubules; others were almost completely involuted and others were intermediate in the degree of maintenance. No tubules were of normal size. In postponed treatments in which post-hypophysectomy periods as long as 57 days elapsed before injections were begun, spermatogenesis was restored in many of the tubules. Others were little affected save that lumina were formed. Motile sperm were present in these testes, in which prior to treatment the only germ cells present were spermatogonia. The seminiferous tubules were less than normal size.
The intratesticular implantation of pellets of androgen induced a more complete restoration of spermatogenesis than did the intramuscular injections. Spermatogenesis in all the tubules located in the zone of the pellets was completely restored. Tubules lying at a distance from the pellets, however, were completely involuted. There was thus a pronounced regional influence (field of influence). The amount of hormone absorbed averaged only 0.5 mg. per day over a 60-day period of implantation.
